A randomized double-blind placebo controlled trial of oral acyclovir in renal allograft recipients. Can J Infect Dis 1993;4(2):84-88. Fifty ren al transplant patients were randomized to receive either 8 00 mg acyclovir by mouth four times daily or identical placebo tablets fo r prophylaxis of h erpes s implex infection . Patients were followed weekly to assess reactivation of herpes simplex, varicella zoster virus, Epstein-Barr virus or cytomegalovirus (CMV) infections. The patients received standard immunosu ppressive regimens includ ing cyclosporine A. Acyclovir s uppressed secretion of herpes simplex virus in treated pa tients (P=O.OOl ). T hree episodes of mucocutaneou s herpes simplex virus occurred in placebo recipients and one in a noncompliant acyclovir recipient. A clinically important difference in graft swvival was dem on strated , but because of sample size faile d to reach statistical significance (P=O.ll). No reactivation of varicella zoster virus, Epstein-Barr virus or CMV infection was detected in either group. Toxicity was limited to central nervou s irritability. The authors con clude that h igh dose oral acyclovir provides effective prophylaxis for prevention of herpes simplex virus infections in ren al transplantation and may be associated with increased graft survival, perhaps from s uppression of CMV infection.
A CYCLOVIR (9-IHYDROXYMETINLI GUANINE) IS A SYNTHETIC
nucleoside analogue with in vitro activity against herpes simplex virus types I and II (HSV I and HSV II), varicella zoster virus (VZV), Epstein-Barr virus (EBV) and human cytomegalovirus (CMV). In both oral and intravenous forms, acyclovir is effective in the treatment of HSV I and II infections in both immunocompromised and normal hosts (1). Acyclovir also has activity against, and has been found to be effective in the treatment of, VZV infections in immunocompromised and competent hosts (2, 3) . and in vitro and anecdotal human data suggest activity against EBV infections (5) .
Herpes viruses cause significant morbidity and mortality in patients undergoing transplantation of kidney, liver, heart and bone marrow. While CMV is the major cause of morbidity and mortality in transplantation, other herpes viruses cause considerable morbidity and occasional mortality in this group. Oral acyclovir has been found to provide effective therapy of mucocutaneous HSV infections in these patients. Because the incidence of herpes virus infection is so high in transplantation, a rationale is present for the use of oral acyclovir prophylactically as well as in treatment.
Previous studies of prophylactic oral acyclovir in renal allograft recipients have used low doses of acyclovir (200 to 400 mg four times daily) for 28 to 42 days following transplantation. Pettersson et al (6) randomized 35 HSV antibody-positive patients to receive 200 rng oral acyclovir four times daily for 28 days after transplantation. These patients underwent an immunosuppressive regimen using azathioprine and methylprednisolone. Six patients in the placebo group developed typical mucocutaneous HSV, but no clinical infections were noted in the treated group. Two episodes of recrudescent VZV infection occurred. Shedding of HSV in oral secretions increased rapidly following cessation of therapy, although no clinical infections were noted. No effect on CMV excretion or graft rejection was noted.
Seale et al (7) randomized 40 HSV seropositive renal allograft recipients to receive 200 mg acyclovir two to three times daily for 30 days following transplantation. The majority of patients received immunosuppression with azathioprine and corticosteroids as well as antilymphocyte globulin. Thirteen patients also received cyclosporine A and corticosteroids; four patients received azathioprine and corticosteroids alone. In this study, 14 of 21 patients receiving placebo shed HSV in throat washings versus one of 19 acyclovir-treated patients. Following the study, 60% of placebo recipients and 44% of acyclovir recipients developed HSV-positive throat washings. The authors suggested that extension of prophylaxis into the second month, when most infections occur, might eliminate this problem.
In a larger study, Stoffel et al (8) randomized 98 patients to receive 200 mg acyclovir four times daily for 42 days. These patients received azathioprine, pred-
Acyclovir in renal allograft recipients nisolone and antilymphocyte globulin (ALG). or cyclosporine A and prednisolone therapy. No attempt was made to restrict the study to patients seropositive for HSV infections. No differences were found in HSV shedding in throat washings during the study, although there was a significant decrease in clinical HSV and VZV disease in the treated group. After six weeks of therapy, no subsequent clinical HSV or VZV infections developed.
The authors examined the effectiveness of high dose oral acyclovir in the prevention of human herpes virus infections in renal transplant patients receiving cyclosporine A immunosuppression to determine whether acyclovir suppressive therapy influenced graft survival or morbidity and mortality. High dose therapy was postulated to have an equivalent effect on HSV infection as low dose prophylaxis for HSV but might have a greater effect on VZV, CMV or EBV outcomes and their sequelae.
PATIENTS AND METHODS
Fifty renal allograft recipients older than 18 years were enrolled in the study over a one-year period. Patients were randomized to receive 800 mg oral acyclovir or identical tablets four times daily for 84 days. Patients were issued drugs every two weeks and tablets were counted to ensure compliance. Over 85% of prescribed drug was administered. Eligible patients had to have serological evidence for previous HSV infection (complement fixation [CF) titre greater than 1 :8), VZV infection (CF titre greater than 1 :8) or EBV infection (immunoglobulin G [IgG] titre greater than 1:40, anti-EBV nuclear antigen greater than 1:5). Treatment began with 800 mg given by mouth immediately prior to transplantation or when cyclosporine A was begun and was resumed when oral intake restarted after surgery.
Patients were followed weekly post transplantation to assess the development of oral or genital HSV infections, VZV reactivation (typical 'shingles' or disseminated infection). EBV reactivation (typical clinical syndrome plus appearance of IgM antibody to viral capsid antigen and CMV reactivation (typical clinical syndrome plus a positive urine culture for CMV) . Hematological profile, urinalysis, and liver and renal function studies were performed weekly for six weeks and then every two weeks for six weeks to determine any potential toxicity of the high dose regimen. Patients continued to be followed for 60 months following transplantation to monitor the potential effects of acyclovir on medium and long term graft survival. Immunosuppressive regimen: All patients received 5 to 15 mg/ day cyclosporine A to keep cyclosporine A levels between 200 and 800 mg/mL. One-half of the patients received 'pulse' prednisone at some point post transplantation for rejection. Three patients received concurrent azathioprine and two received ALG. Virology: Throat washings were processed and inoculated into monolayers of human foreskin fibroblast cells using standard techniques. Monolayers were observed twice weekly for cytopathological change typical ofHSV. Immunofluorescent studies identified HSV isolates as either HSV I or HSV II. Assays for herpes simplex and VZV antibody employed standard complement fixation method kits from Biocan Scientific. Antibody to EBV viral capsid antigen was detected using a commercially available kit (Gull Laboratories, Utah). This assay detected IgM and IgG antibody. IgG antibody to EBV nuclear antigen was also determined.
CMV cultures of urine were performed on human embryonic lung cell line and examined weekly for typical cytopathological effect and antibody to CMV was detected using a complement fixation assay.
For the initial 12-week period, placebo and acyclovir groups were compared using the following three outcome measures (calculated for each individual in order to ensure statistical independence). Periods of shedding: A period of shedding is defined as a throat washing positive for HSV or typical lesions following a negative washing and no lesions at the preceding examination. A positive throat washing at the first examination was counted as a first episode of shedding.
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Positive week ratio: The positive week ratio is the ratio of weeks with positive washings or lesions over all the weeks in which examinations were performed. Mean time to negative washing: For patients with positive throat washings at the start of the trial, this component is defined as the mean time to reversion to negative throat washings. These measu res were compared using l and t tests. Survival analysis using Kaplan-Meier estimation was used to compare graft survival between the placebo and acyclovir groups. Survival time was defined as the time from graft insertion to either the first day dialysis was required, date of subsequent graft insertion or date of death.
RESULTS
Randomization: Twenty-five patients were randomized to receive acyclovir and 25 patients received placebo. Over 85% of the prescribed drug was administered in both groups. Characteristics of the patient population are noted in Table 1 . Acyclovir-treated patients were more often male and somewhat younger, but these differences were not statistically significant. Three patients in the placebo group and two in the acyclovir group were receiving their second renal allografts. Four patients in the acyclovir group and one in the placebo group received an allograft from a living related donor. In addition, no significant differences between grou ps were found in pretransplant viral serologies or previous clinical evidence of human herpes virus infections. Of interest is the lack of correlation between clinical and serological evidence for previous infection with EBValmost all patients had serological evidence of EBV while no patient gave a history of a typical 'mononucleosis-like' syndrome in the past. A greater correlation was seen for clinical and serological evidence of HSV infection; approximately one-half of the total population had serological evidence of previous CMV infection, a figure consistent with the estimated seroprevalence of CMV in the authors' geographic area.
Immunosuppressive regimens did not differ between the two groups. 'Pulse' steroids were administered to 11 of25 acyclovir-treated patients versus 13 of25 placebotreated patients. No differences in the use of azathioprine (two of 25 versus one of 25) or ALG (none of 25 versus two of 25) were noted. All patients receiving these treatments for acute rejection also received 'pulse' steroids. Development of herpes simplex virus shedding and disease: Table 2 shows the number of patients in the two studies who had none, one or two periods of HSV shedding. Only two episodes of viral shedding occurred in the treatment group compared with 36 in the placebo group during the 12 week follow-up. All the acyclovir group had negative throat washings during the first examination one week after treatment was initiated, compared with 48% of the placebo group (P<0.001, Fisher's exact test).
The mean proportion of weeks with positive throat washings was 1. 1 o/o in the acyclovir group compared with 30% in the placebo group (P<0.001) . The eight patients who were seronegative upon study entry did not shed at any time during the study. Analysis by 'positive week ratio' and 'mean time to negative washings' on therapy showed similar results.
Typical mucocutaneous lesions of HSV developed in three patients in the placebo group and one patient in the treated group (P=0.3, Fisher's exact test). The latter patient had discontinued the drug for two days in the fifth week of therapy, prior to the onset of a typical lesion of the lower lip. One patient in the placebo group developed a severe perioral HSV infection requiring removal from the study and treatment with intravenous acyclovir. Graft survival: A trend was noted in patients completing the study for increased graft survival in the acyclovir-treated group. Figure 1 shows Kaplan-Meier graft survival curves for acyclovir and placebo groups. A mean survival time of 150 weeks was noted in the placebo group versus 215 weeks in the acyclovir group (log rank=2.56, degree of freedom [df]=1 , P=O.ll). The analysis was repeated for those 42 patients who were seropositive for HSV on trial entry on the assumption that they most likely would benefit from acyclovir; mean survival time was 153 weeks for the placebo group versus 237 weeks for those treated with acyclovir (log rank=4.49, df=1, P=0.034), suggesting that the acyclovir-treated patients were more likely to show graft survival. Deaths: Two patients in the placebo group died. The first died three weeks after transplantation from an unexpected rupture of an abdominal aortic aneurysm. The second patient had graft failure at eight months and died at nine months because of septic shock from abdominal sepsis. One patient in the acyclovir-treated group died five months after transplantation from cerebrovascular accident and hypocalcemia. This patient had dropped out of the study after two weeks of treatment because of dizziness and sleep disturbance attributed to therapy. ------------------------------------ Central nervous system symptoms 5 3
Gastrointestinal symptoms 1 1 Severe herpes simplex virus infection hepatic or renal toxicity. The data on toxicity and the reasons for study discontinuation are summarized in Table 3 . One dropout in the placebo group was related to severe mucocutaneous perioral HSV infection as noted above and one dropout was due to death in this group from ruptured aneurysm. Five of seven dropouts in the acyclovir-treated group were attributed to central nervous system toxicity. Two patients developed selflimited skin rashes. No skin rashes were noted in the placebo-treated group but there were two central nervous system-related complaints which led to voluntary discontinuation from the study. Three patients in the placebo group and one in the treatment group were dropped from the study because of graft rejection.
DISCUSSION
This study has demonstrated that high dose oral acyclovir can prevent mucocutaneous HSV infections in renal allograft recipients and has an acceptable toxicity profile. The high dose used appears to suppress shedding of HSV in throat washings to a greater extent than shown in previous low dose studies. Whether this has any clinical benefit is uncertain. Extending prophylaxis beyond six weeks may not be useful because clinical disease and shedding due to HSV appears to occur early in the post transplantation period (two of three clinically evident lesions in the placebo group occurred during the first week and one occurred at nine weeks). The only clinical lesion in the treated group occurred at four weeks in a patient who discontinued the study drug for two days. Lower rates of clinical HSV exposure in the presented placebo group than in other studies (6, 7) may be due to small study size or decreased severity of the immunosuppressive regimens used.
The four patients who developed clinically evident HSV infections had pretransplant HSV titres of 1:32 or greater. Patients who were seronegative (HSV titres Jess than 1.8) did not shed HSV or develop clinical lesions. Pretransplant HSV screening can, therefore. select populations at high and low risk of clinical HSV. The authors suggest that patients who are seropositive for HSV should be given prophylactic oral acyclovir for six weeks following transplantation.
This study could not determine the effectiveness of oral acyclovir in preventing VZV or EBV reactivation. There appears to be a lower incidence ofVZV reactivation in the current transplant group compared with previously reported studies of this type. However, the small size of this study and differences in immunosuppressive regimens may have prevented the determination of efficacy against HSV despite the higher dosing regimens used in the study for this purpose. The minimal toxicity of high dose oral acyclovir and its effectiveness in managing shingles in immunocompromised patients coupled with its clear effectiveness in preventing HSV infections suggest that prevention of VZV infections may still be a secondary. but important, benefit for a high dose regimen.
The potential effect of acyclovir on graft survival in this study was intriguing. Herpes simplex suppression was evident but HSV infection is not associated with decreased graft survivals (9) . Acyclovir has some in vitro activity against CMV although its activity is low compared with activity against the other herpes viruses, and higher oral doses might be more beneficial. However, Meyer et aJ (10) have demonstrated a clinical effect in preventing CMV infections in bone marrow transplant recipients. and primary renal reactivation CMV infections have been associated with decreased renal allograft survival (11, 12) . It is possible that the trend to improved graft survival seen in this study could have been an indirect manifestation of the activity of high dose oral acyclovir against CMV in the study population. Of the six patients with graft rejection in the placebo group. all had evidence of previous CMV infection or had received a kidney from a CMV-positive seropositive donor. The study size was small, however. and the graft losses occurred early in the study. prior to the usual time of CMV reactivation in this setting. In addition. there were more living related donor transplants in the treatment group which could favorably affect outcome in this group. Balfour et al (13) , in a larger study, recently demonstrated that high dose oral acyclovir can suppress CMV infection in renal transplant recipients but has no effect on graft or patient survival. The significant central nervous system toxicity seen in the presented treatment group with high dose therapy suggests that lower dose regimens may be preferable unless a more clear benefit can be demonstrated in a larger study specifically designed to examine graft survival in patients given high dose acyclovir.
